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EXECUTIVEBUMMARY
T . ) ) .. . . . .

This research task (RB8) is addressing research needs defined by the Uitates (US) Army
Research, Development and Engineering Command (RDECOMament Research,
Development and Engineering Center (ARDEC) in Picatinny, NJ. The purposeRd168s

Phase I final technical repad to documentthe refinement and expansion of those needs and

the status ofworking sessionsgemonstrations, presentations, and reports provided to the
ARDEC team. These needs are characterized as overarching objectives and goals to elicit
requirements for the ArmamenVirtual Collaboratory Environment (AVGBegrated Model

Based Environment (MBEJhe AVCEMBEA & ! w59/ Qa Sy @dAaAaAiz2ySR 0O2yC
modeling environment- a G KS a@adiSY F2NJ RSAAIYyAy3A -6F-dzi dzNB
aedaitSvyaoe coKuBderstayidi the/ rélationships (between Systems Engineering (SE)
activitiesand methodsn the context of a Digital Thread concept developed by ARDEC.

This research tasks focus on the ARDBDE[vant needs for a transformation for systems
engineering enablé by modelcentric engineering (MCE). Modgtntric engineerinfjcan be
characterized as an overarching digital engineering approach that integrates different model
types with simulations, surrogates, systems and components at different levels of alwstracti
and fidelity across disciplines throughout the lifecycle. Industry is trending towards more
integration of computational capabilities, models, software, hardware, platforms, and humans
in-the-loop. The integrated perspectives provide crossnain viewsfor rapid system level
analysis allowing engineers from various disciplines using dynamic models and surrogates to
support continuous and often virtual verification and validation for tradespace decisions in the
face of changing mission needs.

The path foward has challenges but also many opportunities, both technical and
sociotechnical. It must include a modeling framework and consider the use of high performance
computing (HPC) that enables single source of truth (SST), integeattbimteroperabilityof
multi-domain and miti-physics models, and provide farethods for model integrity (trust in

the modeling and simulating predictions). The modeling and infrastructurdY&E iMBEis a
critical step to enable a SST. While there are literally thousandsots, with about 100 at
ARDEC hey are often federated and there is no one single solution that is fully integrated that
can be purchased. Every organization often has to architect and engineer their-cerdet
engineering environment. Most, like ARD have selected commercial tools that must be
integrated with many specialized tools that they have developed for ARPé&cific needs.

In order to better understand the requirements for the AVIWBE, ARDEC initially hatiree
challenge areas, which h&gen extended to five challenge aredahe SERC research team is
involved in four of the five challenge areastheme for a case study involves Unmanned Aerial
Systems in which to investigate the following five tasks:

1DASD has increased the emphasis on using the term Digital Engineettiadt. definition providel by the

Defeng Acquisition University (DAf9r DE isAn integrated digital approach that uses authoritative sources of
systems' data and models as a continuum across disciplines to support lifecycle activities from concept through
disposal. This definition is simak to working defiition used throughout our prior research task-RT
48/118/141/157/170for Model Centric Engineering (MCE).

Report No. SERCG-2017-TR110 Date: August 8 , 2017
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A Task 1: Framework/architecture of delopment and collaboration environment that
support crossdomain integration of models to address the heterogeneity of the various
tools and environments

A Task 2: Formalization of an information model for ARBH&ant domains to support
capturing and shiang of data

A Task 3: Technology and doma@evant modeling methodologies

A Task 4: Demonstrations in the context of ARB&EEvant Challenge Areas relevant to
Tasks 1,2,3 &5

A Task 5: System Engineering Transformation Roadmap to roll out capabilitiessiddr
all five perspectives in parallel:

Technologies and infrastructure

Methodologies and processes

People, training, competencies and framework viewpoints and interfaces

Operational & contractual paradigms for transformed interactions with industry

o Governance

These five tasks have been mapped to a set of research uses cases, which are detailed in
Section2 of this report.Part Il of this repdy Sections3 through 14 provide details on each of
the research use casethe specific accomplishments include, but are not limited to informing
our ARDEC sponsors through fiverking sessios, one special sessi@md 19 virtual meetings
where we have conducted presentatiomd demonstrations on many topics such &sodel
Centric Engineeringmodeling methodologiesModel Framework and Verification Tools for
Cyber Physical Systems desigfultidisciplinary Design Analysis and Optimization, Decision
Framework Approach and Highevel Architecture(HLA) for Virtual Reality VR Forces
demonstrations missionand system simulationsith upstream/downstream data interfaces
demonstrations, and graphical CONOPS simulations with gaming techn@agyof the high
potential areas invelesresearch insemantic web technologies armhtologiesas apromising
approach to enable crossomain model through interoperabilitysupporting the capability to
enable a single source of truth

(0]
(0]
(0]
(0]

Finally, this research is being conducted in collaboratwith two SERC research tasks
sponsored by théNaval Air Systems CommafldAVAIR) under RO70 and RAL76, as well as
Department of Defense (DolDigital Engineering (DE) Transformation initiatiand our
relationship that we have fostered witNational Aeronautics and Space AdministratiiNASA)
Jet Propulsion Laboratory (JPL).

Report No. SERCG-2017-TR110 Date: August 8 , 2017
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1 INTRODUCTION

The SERC team hasnducted five working sessios) one special sessiorand 19 virtual
meetingswith the United States (US) Army RDEGARDEC ifPicatinny, NJ to discuss the
needs and scenarios for a System Engineeringt{@isformation enabled by evolving model
centric engineering (MCE) technologies and roetth Early meeting wittARDECoveredtheir
prioritization of key areas to initiate such a transformatide alsodiscused research needs
OKI N} OGSNART SR a FAOS NBfFGSR G &1 Armamgnt (G K S
Virtual Collaboratory Environmen(AVCE)ntegrated Model Based Environment (iMBE)e
refined those needs into suteam-related research use cases that map to ARD®Ar of five
challenge areaARDEC &so working with their own Integrated &duct Teams (IPTen some

of these challenge area$Ve are also fosteringpi-directionalsharing of research interests and
resultswith our US NavyNaval Air Command (NAVAIR) sponsen® attended ourworking
session in January 201Finally, we are coll@orating in several MCEelated efforts to provide
the opportunity to leverageand share with theOpen Collaboration Group for MBSE and
OpenMBEESemantic Technologies for Systems Engineering (ST4SE) initizoie Digital
Engineering Transformation lrative, the Aerospace Industry AssociatighlA)on Concept of
Operations CONOPSfor Government and Industry collaboration through MB&#kd the
National Defense Industry Association (NDMddeling and Simulation group who are
coordinating working groups® investigateapproaches for using Digital Models for competitive
down select

1.1 ARMAMENTVIRTUALICOLLABORATORXVIRONMENYISION

The AVCE iMBHRision portrayed by ARDEC reflects on their understanding of the research
needed to advance to a future staté# their integrated modeling environmeniThere are many
enablers that relate to characteristics of a holistic approach that aligns with their vision such as
(this list is not exhaustive, but represents advances in use today):

A Missionlevel simulations thatare being integrated with system of system (SoS) and
system simulation that increasingly interoperate with distributed interactive simulation
capabilities, augmented virtual reality, and gaming technology

A Computeraided Design (CAD), behavioral techniqugsysicsbased/engineering
simulations, decision analytics, Computeded Manufacturing (CAM), system
architecting, prototyping, embedded in a knowledge management environment

A Enabling collaborative environments by leveraging social media technologies and
operational metaphors in an engineering context

A Multidisciplinary Design, Analysis and Optimization (MDAO) for trade study analyses
through more systematic design of experiments allows engineers to make many more
excursions through both the problem andetldesign spaces

A Engineering affordability analysis, which is a-tiaked approach that could be used to
significantly reduce physical tests by focusing on those system uses that have the most
uncertainty about margins of performance

A Decision analysis fraework

Report No. SERCG-2017-TR110 Date: August 8 , 2017
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A Risk modeling and Bayesiaglevant analysis
A Platformbased approaches with virtual integration
A Patternbased modeling based on ontologies with model transformation and analysis
A Domainspecific modeling languages
A Setbased design for moreoncurrent engineering and to keep design options open
longer
A Modeling and simulation of manufacturing and possibly early prototyping
A QELX 28A2Yy 2F AYGSNIOGAQGS OradztAlFiA2YyS 6K

AYT2NXIEGA2Y R SHkdddsRuithHRE® oomdutingicadabilifies
The { 9 w fe€earch with NAVAIBystems Engineering TransformatiBET)has provided
considerable insights into the challenges associated with 2JEThatresearch suggests that
there is no one instantiation of MCE. Each organization will have its own instantiation of its
G5AIAGEHE {{2adSY a2REN(SST). Adigital sisied inGlevil Raebddh§ly 2 F
support the integration of multdomain and multiphysics models, and provides for a method
for model integrity for ensuring trust in models arstimulation, and including three critical
items:

1. Crossdomain model integration, and the associdtenethodologies, which will also
require and contribute collaboration

2. Technologies to establish and quantify model integrity (trust in model and simulation
predictions)

3. High Performance ComputirigPC), which enables 1 and 2

The SSTis an enabler for crossomain interoperability needed for multidisciplinary design,
analysis and optimization (MDAO) for problem and design space exploratiorsShequires

that all information used to assess performance is semantically consistert MICE
technologies and methods used for assuring integrity and the orchestrated workflow is data
driven (not process driven5STprovides the basis for sharethta and a basis for reéime
collaboration.

As a result of the NAVAIR research findings thpuBeAssistant Sectary of Defensg DASD)

has initiated aDigital Engineering strategy. ARDEC and NAVAIR are both participating in this
initiative. In addition, the SERE€aldershipconfirmed and recommended that complementary
research resultan be sharel across these research task& the degree possible ware
synergisticalljleveragingresearch completed or underway related to NAVAIR under SERC RT
157, RT170, and RAL76 that includs other research collaborators Georgia Tech, University of
Maryland,and the Naval Postgraduate School (NPS).

1.2 OBJECTIVES

The critical items gleaned from the ARDEC needs and our prior research resulted in the
following set of proposed tasks:

A Task 1: Framework/architecture of development and collaboration environment that
support crossdomain integration of models to address the heterogeneity of the various
tools and environments
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A Task 2: Formalization of an information model for ARBH&ant domains to support
capturing and sharing of data

A Task 3: Technology and doma@ievant modeling methodologies

A Task 4: Demonstrations ime context of ARDE@elevant Challenge Areagelevant to
Tasks 1, Z3&5

A Task 5: System Engineering Transformation Roadmap to roll out capabilities addressing
all five perspectives in parallel:
o Techndogies and infrastructure
o0 Methodologies and processes
o People, training, competencies and framework viewpoints and interfaces
0 Operational & contractual paradigms for transformed interactions with industry
o Governance

We initially separated the five tasksito subtasksthat provide better mapping to research
expertise but these are now defined as linked use casesich aresummarizedn more detalil

in Sectior2. These objectiveanderlying these taskalign with the theme that were presented

at the NASA/JPL Symposium and Workshop on Model Based Systems Engineering held from
January 287, 2017 at NSA/JPL in Pasadena Californiche event brought together
practitioners and leaders iIMCEMBSE to share information and ideas about the state of
practice, challenges, recommendations, and future directions and strategies. Our ARBDEC
NAVAIRsponsors wes present at this event and should be able to resonate withrtgaidance

on thedirection of our research.

1.3 Scope

In the initial phase of the joint efforfrom August 2016 to August 20lthe SERC research
should support ARDEC interests to:

A Streamline theprocess for using models, which is often done onlya irelatively few
I NB I a o¢as thiaréefer&ed by ARDEC)

A Understand the requirements for the AVCE conceptually at the stage of a Systems
Requirement Review (SRR); this is not the requiremémtsa target system, rather
these arethe requiremens for a system (of systems) for designing futlDEC
systens (i.e., AVCE iIMBE)

A Understand the relationships between Systems Engineering (SE)tiestiand the
RSOAaAZ2Y FTNIYSE2N] d&NSrtatiod[&lR this & rebidbddio thel G 0/ )
WRAIAGIE OGKNBIR ¢6KSStQ (KIFG Oly aKz2g K2¢
develop a digitali KNBF R (2 &dzLJLIR2 NI NBLISIF{GFotS |yl f¢
operational analysis is missing currently.

The challenge areasontinue to undergadefinition, refinement and alignment. Four relevant
challenges areas for RIb8 as characterized by ARDEE a

A Challenge #1: Taking existing ARDEC models and combining them to form dynamic
models at the system level, and to explore MDAO,; this will help understand how the

Report No. SERCG-2017-TR110 Date: August 8 , 2017



Contract No. HQ0034 -13-D-0004

models interact with each other and should allow for use of existing models to compose

andsolve the problem

o Refinement by ARDEC Integrated Product Team (IPT) as presented at working
session #2: Develop an integrated, cross domain, dynamic model of a system to
assess its ability to achieve a specific operational scenario

o IPT LeadRich Swanson

0 Satus: completed at least initial concep)

Challenge #2: Trying to understand the more holistic process of solving a problem,

including the people who are inwad from more of a Concept of Operation (CONOPS)

enabled by gaming technologies, and misdierel modeling and simulation that can

ultimately feed information to a framework refined by Challenge #1

Challenge #3: The focus here is on the data, and howopagates throughout the

lifecycle and be able to use standasdsed and tool neutral technologies and methods

G2 aAYyGSaINIYGS¢ Y2RStAy3 Ay lylteara GKI G

o This includes how the data or metadata underlying those disparetdeling
technologies and methods can bedrectionally linked

o Specifically concerd with design tools (e.g., 3D CAD, software development,
electrical CAD, etc.) that integrates with analysis tools (Prism, IMO, MagicDraw etc.)
that usually inputs desigdata and produce analysis data and results, all of which
needs to be stored and managed

o0 |IPT Leadlohn Campbell

Challenge #5: This is a new challenge area defined in eatgarJaof 2017 to integrate

crossglomain models (SysML model, Engineering ModetsfoBnance Models, Cost

Models, etc.) with decision support model based on Armament Analytics Multiple

Objective Decision Analysis (AAMODAT) while executing Integrated Systems Engineering

Decision Management (ISEDM) process

o IPT LeadMatt Cilli

This concepfor thesefour challengesas shown irFigurel, provides a simplified perspective on
theSt SYSyGa Ay | sydé@ndBngideédrig RJISNENSOf0NRIPERfine

v > > >

>

Concept of OperationsCONOPSIerived from simulation and gaming technologies
oWhate we wantg requirements and constraints

oHowe (1 or more)g designs to achieve théVhate

How welk (usually manyYi 2 | & & S & & usiigKaBalysistegtingg reviews and
assesmghow the design satisfies the requirements, given the constraints to achieve the
mission concept

The underlying Information Model links the datar metadatafrom many different
domains

The Decision Frameworkve believecandemonstrate how data from the information
model can be used to populate the Decision Framewarkthe form of the
implementation of AAMODAWith potential refinements and extensiorsipporting a
methodto determine the Key Performance Parameters of the various stakeholders
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Figurel. Context of System Engineering of Challenge Areas

MCE is enabled by computational technologies that now provide a means for using modeling
and simuldion in a transformed approach to systems engineering. A key problem is that most
of these technologies are not integratedrrently (andmanymaynever be) Thechallenge area
presentatiors at the January 2017 working sessigiven by ARDEC confirmed thisssdomain

tool integrationis a challengingroblem.This was furtheacknowledgedn various talksat the
NASA/JPL Symposium and Workshop on Model Based System Engineering held Ja2tiary 25
2017. Therefore, we areinterested in an approachhat leverages toolto-tool integratiors
where feasible, but the research tigrgeted on approaches taising data interoperability as a
means (or surrogate) for accomplishing integratiamen toolto-tool integration is not feasible

or costeffective This ischallenge area #3 that we propakeWe plan to do research in the
other two areas of Mission and Systems and understand the flow of information needed to be
linked between them, and characterize those linkages in an Information M@uel.research
efforts have made progress in this area that includes the development ofewasiving
Integration and Interoperability Framework (lolF), which has been demonstrated to ARDEC at
both working sessions and-iveekly virtual events.

The new challenge area #5 is beiggZ NRA Yy | (1 SR D AMatKCilliwho Hlidvethat
information can becaptured to drive theDecision Support Model Constrydtl] (referred  as
Decision Framewojkn the AAMODAT toalevelopedand being evolvedy Cliff Marini Other
research has provided evidence that semantic technologies (including ontologies) may support
this belief of Dr. ChilWe believeDecision Frameworwith AAMODA implementationserves

many purposesind benefits
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A Provides senior management and program managers with visual representtibkey
tradeoff defined in terms oKey Performance Parameters (KP&gh asPerformance,
Cog, Time and Risk

As shown inFigure2, scatterplot shows ima singlechart how system level alternatives
respond in multiple dimensions of stakeholder value

Assessment Flow Diagrams (AFDs) trime relationships between physical means,
intermediate measures, and fundamental objectives

Provides methodological guidance for identifying KPPs

Can be used with uncertainty analysis as a measure for understanding maturing design
Enables bdirectional amlysis throughout lifecycle
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>\

> > >
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Figure2. Decision Support Model Construct

The ARDEQeadersip and SERC team agreed the challenge area scenarios for using some
examples related ta@ounter unmanned aerial systemsase study Theteam hasconstruced
severalartificial UAS scenarios (use casasjl evolving scenario varianteat demonstrate
methods to address many of the cresstting concerns from CONOPS, mission and system
engineering Missionlevel scenarios have been createddademonstrated usindour different
modeling and simulation capabilities ranging from do@st and lowfidelity to highcost and
high-fidelity.

We fully assume that there will be practical limitations to fully automating the concept
discussed in this sdoh, however, @en the objectives, a value and unique contribution

proposed by this research is on tla@propriate gstem (and SoS) methodological guidance in
the context of specific technologieQur sponsor has stated that thdyelievethe efforts to
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date have helpd ARDEC in making decissomn approaches to the development of
requirements and architectures fé&xVCEMBE

We have obtainednd useacademic licenses for some of the most powedoimmercialtools

in order to address research questionstite context of these types of tools; these are the
types of tools used by both ARDEC and industry. This approach also addsesses
organizatioml and domairspecific concerns.hfough digital means we can now also encode
historical knowledge in refereecmodels, model patterns to embed methodological guidance
to support continuous orchestration of analysis through new modeling metrics, and automated
workflow to accelerate concepts to prototypes, deployment and foster ewgivien
collaboration.Therefore the deliverables include reports, demonstratiomseetings, meeting
notes,and examples of modeisithout violating any of the academic licensing guidelines.

1.4 ORGANIZATION dPOCUMENT

Sectionl provides an overviewof the context for theneededresearch objectives scopeand
organizationof this report

Section2 providesa summary ofthe current set of research use casesir Phase lefforts,
status,and recommendationbased on our increased understanding of the research objectives
For purposes of uretstanding theevolving efforts andstatus, the overview presented in
Section 2 should provide that level of information.

Part Il describes the detailedsearch use cases

Section 3 discusses the concept of the Information Model underlying the AVCE; the
fundamental purpose is to provide a means to link information and metadata from disparate
sources across the various domains

Section4 describes the concept for researching the use of Graphical CONOPS, including the
potential relationships with the Earl$ynthetic Prototyping under research Einiversity of
Southern California (USC) Institute for Creative Technolg§ids

Section5 describesesearch into the use ahission and system modeling and simulation, and
its relationshigs to graphical CONOP&daMDAQ.

Section6 discussesnodeling methodologies, including examples and demonstrations created
to illustrate mission, system, enterprise and reference models, including example and methods
for MDAQ

Section7 providesan overview of the approach for developing system models using Model
Based System Engineering (MBSE), but more importantly for understanding the ways to linking
MBSE models through the MCE toolchain as it relates to requirements for AVCE.

Section 8 providsan overview of the approach farelatingsystem models usingIBSEModel

Based Engineering (MBE), but more importantly foderstanding the ways to linkilBE models
through the MCE toolchain as it relates to requirements for A\BoEe of the details ahe
Courter LAS are covered in this use case, and a new section on Automated Concurrent
Engineering.
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Section Aiscusses theesearch approach to leverage information captured through all of the
phases and types of modeling into the information model ystematically populate the
Decision Framework as implemented currently in AAOMDAT.

Section 1Qdiscussepotential contributions of modeling to support verification and validation
(V&V).

Section 1lis a use casdo develop and assess the operational elenserdf the entire
framework in the context of a Chief Engineer Role.

Section 12escribe tradeoff analysis of technologies for integration or interoperability as a way
for representing and analyzing the architectutedes for the requirements of AVCE.In
addition, this section reflects on some of the most advashogegrated modeling environment
identified through the NAVAIR related SERC research tabis.task has been extended to
consider Windchill, whichulds off of a prior SERC R%2, other commeral tool examples,
and involvementvith the Open Collaboration Group for MBSE and OpenMBEE.

Section 13 discusséise use ofSemantic Web Technologies applied to AAMODAT for the newly
defined challenge area #5.

Section 14rovidesa new use case for assasgithe AVCE iMBE requirements and model.

Section 15 provides description of some of the SERC research synergies that are relevant to
the ARDEC research objectives.

Section 16rovidesa summary of Part II.
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2 IN-PROCESSUMMARY

This section providesontext into the scope andapproach to this researchThe research
continues toevolve as wehave more irdepth discussionsand demonstrationswvith ARDEC

about the research and potentidenefits For example, Eddie Bawukhriefing for a Digital
9YAAYSSNAY I 2 2NJ AY 3 R&SdaRhzhIDavaSOstoldgy/Iaforndation MR Y &
using semantic web ontologies is promising and could suppatieinand simulation
integrationd [9]

Some of the researchesultsare emergingas elements of w5 9doreept and architecture for
AVCE iMBEThee is understandinghat semantic technologies providgotential to better

understand the detailed formation model in a semantically precise wagnd enables

underlying computation capabilities to automateasoning abousystems engineering taskis

addition, the semantic precision and credsmain linkages of informatiorenables more

computational andytics about consistency, completeness and welimed of captured
information.

We areusinga Model Based System Engineering (MBSE) approach to model our peaméct

also to assist ARDEC in assessing their AVCE iIMBE.ri¢elskarted to elaborate theesearch

tasks using higlevel use caseas shown irFigure3, relatingthose use case, analssociating

the use case withthe stakeholders involvedni the research The relationships between
stakeholders and use cases reflects on ititeractions andR SLISY RSy OA Sa o6Si6SSy
research.
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Figure3. Highlevel Research Use Cases

2.1 ARDEQCHALLENGAREA#1PRELIMINARFANDINGS

The statugpresented at the secondorking session given iich Swanson who is leading the
ARDEC teamn the challenge i@a #1focused on integrated, cross domain, dynamic model of a
system to assess its ability to achieve a specific operational scenario. The efforts tarelate
identifying the linkage between those domain areas by executing a conceptual scenario of
counter UASequiremens to help informthe team about gaps and challergy@ssociated with
requirementsneededfor the AVCE iMBE requirements aacdchitecture. Thdessons learned
confirms that while technically feasibléhere are challenges in achieving cross donmaodels
integration to facilitate sharing of relevant data between specialties in order to assess

performarce within the scenario.

The following provides gew of challenges and concerdegrived from the briefing material and
presentationprovided by theARDEC challengeesa #1 leaqnon-exhaustive)

A Automation leading to a lack of applied subject matter expertise and granularity of
assessment within each step of the analysis, can lead to incorrect analysis and

assumptions

o0 Peopk have access to tools andtd, but may nounderstand the method$o

effectively use the tools

(0]

Report No. SERC-2017-TR110

Toolsmay not have beegreated with adequate checks such as input data validity;
again this relates to methods and types of checks that could be performed in an
information model througlsemantic web technology (see NASA/JPL example)
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A Working across domains, both from a technical and stegbinical perspective is
challenging; if the tools worked better across domains, would this help with the-socio
SOKYAOFf 6aLIS2L) S£0

o Shows the need fdooth the IMBE objective framewoilsee new challenge area #5)

o0 There are oncerns that integrated modeling will not improve the timeline
dramatically, because integration of models takes time, especially when emerging
scenarios or technologies are included

o Simulations can take long time to run, but uncertain if simulations are
G a i NdzrogoenesE (2 f SOSNIF IS KAIK LISNF2NXI yOS

A Cost of integration and automation must be weighed against value it can provide.

Consider:

o0 Integration of models versustegrationderived through interoperabilityising
standardized (format) daté.e., data/information model)

o Digital thread provided byraceability between models versus single source of truth

[N

These findings were also characterized in a different way lmiefing given by Eddie Bauer at
the Digital Engineering Working Grotiyat is approved for public distributiof®]:

A Culture
0 Uncovered lack of understanding acrostegrated Product TeamHT) specialties
for the detail, and sometimes value that other IPT members provide
0 Lack of trust that data/models wibe used appropriately
1 NAVAIR generally refers to this as Model Integriffrust in the
models/simulation results)
o SME involvement musteverbe overlooked as integrated models can easily lead to
incorrect analyses and assumptions
o 52 (KS { a9 integraied?/ Needit@betierinderstand value of Dynamic
System models
A Model Integration
0 Technically possible
o Domain understanding is very important
o Physically passing data to appropriate SMEs is not thedinie it is developing new
or modifying existingnodels for a new scenarimssessing and validating results is a
concern
o Dynamic Model Complexity = Greater Run Time and Neddifdr Performance
Computing
A Authoritative Source of Truth
0 Need a common library of models/integrated models
o Requiresrigoyf R2OdzYSy dAy3a ags{ RSGIFIAfAa GKIFG I NB
0 Results of analyses need to retain input from the SMEs involved in its development
and execution

Many of these concerns align with the findényjom the NAVAR researclis summarized in
technical reports forRF118/141157 [22] [23] [25].

Report No. SERCG-2017-TR110 Date: August 8 , 2017
11



Contract No. HQ0034 -13-D-0004

2.2 UseCASESUMMARY

This section provides a higlvel summary of each usmseandrecent resits. Part Il (starting

with Section3) of this report provides additional details on each use case RKC¥hown in
Figure 3, there is considerable emphasis on understagdmany of the crossdomain
dependecies of the research use cases, and understanding the methods that must be used to
guidethe production of this information across the various domains and lifecycle phases.

We are developing an Integrating and Interoperability Framework (lolF) as part of UC09 as
shown inFigure4. We are working withother use caseeamsto provide a demonstratiosof

the Decision FrameworkUCO06)enabled by semantic technologC00) We envisionusing
semantic web technologieSW7 in the context of theDecision Layeprocess with AAMODAT
(UC10highlighted inorange oval to be in this part of the concept. In collaboration with NAVAIR
and NASA/JPL, we would also like to bring inlthegrated Model Centric Engineering/CB
ontologies[91] for systems engineering. We are considering using-todbol integration as
discussed in UC09, Data Acquisition and Aggregation in research to int€gegtieical CONOPS
(UCO01), andMissionand System Operational Capabilit{&sC02).

Figure4. Integrating and Interoperability Framework (IolF)

00.Develop Information Model. This information model characterizes the underlying
AYTF2NXYEGAZ2Y YR NBTf I (A2 yhaed fohddproduded by $r1&tBasE G KA y
of AVCE although we are using tools available to our Stevens laboratdhys has
signficant relationships to challenge #hd #5 We are using th&WT language thé/eb
Ontology Language (OWLY)79] as the primary means for characterizing the imi@tion
model across many of the use caséss reflected inFigure 1, the challenge is to
characterize this information for each of the various domains, including rexpants, risks,
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designs (e.g., electrical, mechanical, etc.), and analyses. This reflects why there are so many
associations from the other use cases. In addition, (ecluding our ARDEC IPT)
fundamentally believe that it is technical feasible to capttims information and provide it
asinput to the Decision FramewoikJC06) The researcldiemonstrated the use cBWTto
demonstrate the concept to both characterize the data and information as well as rules,
and query language for processing and data exchalgieg working session five (5)

A Several demonstrations have illustrated the feasibility of this conaefitoth working
sessios and webinar sessions.Challenge area #5 has been defined and the
prioritization of the information model will align with the objective to characterize the
information and rules aciated with inputs to AAMODAT,; as such, this is now defined
as a new user case UC10.

A The SWT is being architecturally represented in the Integrating and Interoperability
Framework (lolF) as part of UC@fich was also demonstrated.

01.Research Graphical CONORS8estigate theuse of Graphical CONOPS technologieh s
gaming environmentsThe team has created demonstrationssing the Unity gaming
engine [170] for simulating two autonomous UAS interactingni an environment. Our
research collaboratordJSC/ICThave beenevolving a technology calleBarly Synthetic
Prototyping(ESP)We are fundamentally interestednderstandng if there is anunderlying
metamodel of the informatiorthat can becaptured, regardless of the domain, and the
methods that would be used to ensure that information is fully captured. This information
would be mapped to the Information Model (UC00) and be provided as input to U02.
addition, we are interested in howhé parameters of simulation entities can be used in
MDAO (UCO03).

A The metamodel provid# by ICTrepresens information and metrics captured while
observing the userof the gamingtechnologies; processing this informationreatime
has shown to be diffult, buthavingthis type ofinformation stored in SWT (UCO00) could
enable better and reaime analytics, which has been stated as a desire by our ARDEC
sponsor.

A There have beemine updates to the graphical CONOPShich providestwo types of
missions for red/bluesurveillance missions for autonomous quadcoptérheupdated
simulations include more realistic battery and flight mod€ldC09, and current
research is using MDA@CO3Yor this level of the mission analysis.

02.Research Mision and System Operational Capabilities. Investigate the methodological and
relevant technologies for mapping the Graphical CONOPS into Mission and System
modeling and simulation capabilities. The curregasearchinvolves the use of VT MAK
[103] and other 2D modeling and simulation environmefds distributed simulationsWe
envision that information from UCO01 would provide parameteiormation that can be
refined or expanded. Therefore, like UCO01l, we want to understand the underlying
information (e.g., metamodel) that would be mapped to the Information ModelO@JC
and the associated methods for how to develop models at this |&les use case is also
researching the relationships of these simulation models and system models in languages
such as SysML.
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A We have created a simple ontology as the basislemonstrate information sharing
through SWTo illustrate transfer of informatiam through the SWTomponens of the
lolF. The demonstration also illustrated the use of triple stores &RARQI181]
gueries tostore, extract ottransformdatain the SWTThe next planed demonstration
will use these IolF capabilitie® transfer data between the Graphical CONOPS
simulation andow fidelity missiodevel analysis on a 2D plane with spatial positions of
entities.

A This use case is also researchthg relationships of these simulation models and
system models in languages such as SysML.

03.Research MDAQOInvestigate the methosl to trace capabilities to the relevant design
disciplines and perform crostomain analyses through MDAO for problem and design
tradespace analyses. In addition, to characterizing elements of the framework,- cross
domain relationships, but also characterize the methods used to support MDAO in a tool
independent manner (webtained academic licenses for ModelCenter, because we know
that ARDEC uses that tool; these license canubed to provide examples, but not
contribute to any ARDE§pecific work).

A Recent updates ofJAV modelusing MDAO workflows itodelCentershow more
realistic results in terms of weight and sizeincluding useof Computational Fluid
Dynamics, results of Design of Experiments (DOE) for range vs. cruise altitude vs
wingspan, and a Pareto frontier for range, payload, and endurance as KPPs, new
visualizations provided by version 12 of ModelCenter

A Another model thatwas used Phoenix Integration MBSE Analyzer to integrate
MagicDraw SysML with ModelCenter

A Current efforts are
0 Researching use of ModelCentgfDAO to the Graphical CONOPS (UCO01)

o Investigating the use of using MBSE Analyzer/MagicDraw SysML with ModelCenter
to formalize the Assessment Flow DiagrahED¥or the Decision Framework
(UCO06)

04.Create System Models. This applies MBSE to the case study examples and looks at how
metamodels or metadata is represented in the Information Model (UCO00) to provide
traceabilty through the other forms of modeling for UC01, UC02, UC03 and UGRhise
caseis developing different variants of UAS system models at both the system and mission
level.

A Demonstrations include the use of the OpenMBEE Model Development Kit (MDK)
Doc@n to a number of models including the AVCE iIMBE and Rotocopter UAV

A We have an evolvin@ysML model for the RIB8 lolF frameworKUCO09)to formalize
the architecture which has been provided to ARDEC

A We are nearcompleting setup of the OpenMBEE environment, including the Model
Management System (MMS) and View Editor components that have beensapeced
by NASA/JPL altittp://www.openmbee.org/ this is planned to be integrated with the
lolF famework
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A We are tryingto leveragework with the SERC RT6 led by Kristin Giammarco to use
Monterey Phoenix(MP) for demonstrating the potential to perform early V&V
requirements and architecture mode]g0]. Currently, MP is a language, but we believe
we can develop a graphical language using SysML activity diagram (maybe profiled), and
then use DocGen to extract information in order to translate into Wis taks benefits
ARDE(because RTI76 is funded by NAVAIR.

05.Use Model Based Engineering. This applies MBdskd Engineering (MBE) typically
associated with the different design disciplines (e.g., electrical, mechanical, controls) and
will focus on some Hated research associated withounter UAS.Like UCO04, we are
interested at how metamodels from these various domain or metadata are represented in
the Information Model (UCO0O0) to provide traceability. Itcgrrently acknowledged that,
except for a few excdmns there is a gap in mapping from these types of modeling
technologies to MBSE models.

At NBASYidSR [Repiefatatidndeyhods, Wodél Frameworks and Verification
Tools for CPS Design ¥ 2 NJ | ! {

A Current investigations include briimg MBE desigrinformation into the SWT using an
architecture and pototyping of system simulation with semantic datax@ange this
will look at disciplinespecificontologiesfor crossdomain integrationf29]

06.Research Decision Framewo#s discussed in Sectidn3, we have had discussismvith
the ARDE@=ads, who ardntimately familiar with this framework and the evolving tool
called AAMODAThis usecase is now aligned with challengeea #5.Fundamentally, a key
goal for UCOO is to capture information that can be used to provide input to the Decision
Framework (UCO06)This would provide senior leadesind program managers the type of
information they need to consider technology capability tradeoff using Performance, Cost
(Affordability), Time (delivery schedule) and Risk. Fundamentally, if a particular answer was
unaceptable, using the concept discuss hereime could trace linkages through the
Information model back to all other related perspectives on the system (UC01, UC02, UCO03,
UCO04, UCO05).

A We provided demonstrations using SWT to get example data from DBfeblieh is a
crowd-source effort to extract structured information from Wikipedia and make this
information available on the Web) of a simple aircraft ontology and properties to show
semantically rich data extracted from DBpedia using SWT tools (Protédé M@WRDF)

A Investigating the use dPhoenix IntegratioMBSE Analyzgiugin to MagicDraw SysML
with ModelCenter to formalize the Assessment Flow Diagrams (AFD) for the Decision
Framework (UC06)sing an updated UAV case styd2]

A Working on templates for different type of objective hierarchies (e.g., portfolio,
product)

07.Research Verification and Validation (V&V). This use case was not considered in thé origina
plan, but MCE dogsrovide some unique opportunitie® be more effectiveat contributing
V&V evidencen early design. Rigorolysdefined models can directly support V&V, and this
could both subsume cost and risks. This use case can likely identifgatenequirements
for AVCE.
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A As discussed in UCO4e\are tryingto leveragework with the SERC RT6 led by Kristin
Giammarco to uséMonterey PhoeniXMP)for demonstratingthe potential to perform
early V&V requirements and architecture modgi8)].

08.Assess as Chief Engineer Role. This use case is created so that one of our researchers,
experienced in actual systems engineering can provide some level of assesshoan
overarching approach and contribute to the requirements for AWEE oo want to bring
as many technologies as possible into our lab at Stevens in order to assess the gapes, but ar
also interesting in bring in &kters students to using methoderived from this research.

09. Tradeoff Analysis of Technologies for Integration or Interoperabilitys use case has been
renamed and expanded due to information learned about other technologies that provide
a means forlooking at alternative technologieand approach to support either tool
integration or some type of equivalent interoperability approaches that can be used for
AVCESpecifically, we are looking at the technologies and tools used by ARDEC and used in
the case study to focus this researdh. addition, this tasks revisits some of the most
advancel tool integrations that have been developed by NASAfBRL[10], the DARPA
META project$8] [7], Engineered Resilient Syste{B4], Airbus[76], and generalization of
commercial and industry integrated modeling environment¢e added a team member
assessWindchill as part of this use cas®e learned of Syndeia by Intercax, and
coordinated a demonstration with our ARDEC spondée have joineddpen Collaboration
Group for MBSE and OpenMBEB2].

A As discussed at the beginning of this section, the IolF as shoWigune4, brings a

number of use cases together:

0 The SWT is being expanded to suppoteroperability from Graphical CONOPS
(UCO01) to Missiotevel simulation (UC02)

o0 We are modeling this architectural framework (UC04)

0 We are expecting disciplines specific information to be integrated through the SWT
component (UC05)

0 We expect this samerehitectural element to be used teupport exacting
information topopulate the Decision Framework (UC06) and AAMODAT (UC10)

o We will also look to integrate these capabilities with OpenMBEE

10.Challenge area #5 has been defined and the prioritization of tferrmation model will
align with the objective to characterize the information and rules associated with inputs to
AAMODATThis use cass related to both UC00 and UC06

A We discussed how AAMODAT is usually something that happens early on for ARDEC,
and al over the project. It has helped to identify Key Performance Parameters (KPPs) at
the mission level and the elements from the sddmains that are relevant to those
Yttad W if NBIdZANBYSyida NS GNFXrRSIFIOGESZQ od
KPR, is a different way of thinking.

A As discussed in UC09, we expect this same architectural element to be used to support
exacting information at populate the Decision Framework (UCO06)
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11.Assess AVCE iIMBEe were asked to provide a more detailed analysis of the AVCE IMBE
requirements.We initially looked at the requirements, but in attempt to do the analysis
started to identify additional use cases not reflected in the model as shown in Figure 11.
ARDEC the did deliver the AVCE IMBE model, and developed a set of View and
Viewpoints for the model to allow for us of MDK/DocGenwhile the model iswell
structure, the View and Viewpoints modeling process revealed some minor inconsistencies
which we shared wh ARDECWhile ARDEC héigished the $stemsRequirementReview
(SRRMor AVCE IMBE. Rick Dove joitleel RF168 research team

A RickDovehas done someesearch throughthé b/ h{ 9Qa ! 3Af S {eadSvya
Cycle Model (ASELCM) projeahd pecifically in terms characterized bthe ASELCM
Pattern of Three Concurrent Systenfi&ck will use this context to look at the AVCE iIMBE
model from this threesystem perspective

2.3 WORKINGESSIONS ANBPONSOFSUPPORTINGVENTS

A component of the research and required deliverables are conducting working sessions that
inform the ARDE@am abaut progress against the plan. These working session also inform the
team about relevant information and feedback to scope the deliverablesthie context
appropriate for ARDECthis approach haseen especially importanfor working other SERC
research task, such as with NAVAJiRen the recent changes under SE transformatibn
addition, NAVAIR joined for the secohdlf day meeting fothe first working sessionand a
number of members of the NAVAIR team have been attending working sessions and the bi
weekly meetings.

A Working session #21, 22-Sep2016held at ARDEC

o0 The SERC team provided an overview elaborated from the proposal discussing an
approach to use case study scenarios to address the lifecycle concerns from
CONOPS, mission and system analysis, MHD®WOfor tradespace analysis, Model
Based System Engineggitinking to risk and the decision framework. This was
presented in the context of their Digital Thread concept. The SERC team also
discussed the potential synergies with NAVAIR Systems Engineering Transformation
and the Digital Engineering Strategy irtitte coordinated by Deputy Assistant
Secretary of Defense (DASDjscussed the concept for developing the ontology
underlying the requirement manager (tdpvel priority)

A Working session #2:0-Jan2017held at ARDEC

0 This session covered the broad objees identified by ARDE®:
1 Discuss progress in research areas
1 Share lessons learned from their own efforts on Challenge Areas
1 Identify areas for enhanced collaboration
1 Engage in general modbhsed engineering discussions

o0 A number of presentations and denstrations from ARDEC, SERC, and NAVAIR
were given to inform the audience and stimulate further discussions, including:
1 Status of AVGEBMBE Project ARDEC, Cliff Marini
1 Dynamic Model Challenge OvervieARDEC, Rich Swanson
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NAVAIR SE Transformationedview¢ NAVAIR, Jaime Guerrero

= =4

Centric EngineeringSERC, Mark Blackburn
Demonstration Graphical CONORSSERC, Roger Jones
Demonstration VI-MAK Mission Simulatiog SERC, Rogelake

= =4 -4

Steven Hoffenson

1 Overview of Integrated Model Based Engineering Environment (i)BBata

Challenges- ARDEC, John Campbell
1 Data Ontology/Information ModelSERC, Mark Blackburn
1 Decision Framework Approach and AAMODAT, ARDEC, Matt Cilli

18

Integrated Mission Modeling: Approach and Initial ResyERC, Paul Grogan
Demonstration: Multidisciplinary, Design, Analysis and OptimizatiprSERC,

Overall Status of RIB8 Transforming Systems Engineering through Model

A Working session #3: 3dar-2017 held at Stevens
0 ARDEC AV@®BE UpdateCliff Marini
o0 NAVAIR Progress updatdarkBlackburn
0 RT 168 Progress updatdark Blackburn
o0 Semantic Welfechnologies Demo & Discussion, Mary Bone
o {SYFIYyGAO 2S06 ¢SOKy2f23ASa 585Y2 |yR 5AiAa
0 USACT Research Presentation, Edgar Evangelista
0o MBE Tools: Syndeia, OpenMBEE, Jeff McDawdalk Blackburn
o Missionlevel simulation using High Level Architecture (HRéno, Roger Blake,
Paul Grogan
A Working session #4: 13un2017 held at ARDEC
0 ARDEC updates, Christina Jauregui, Cliff Marini, Greg Nieradka
o OpenMBEE, Mark Blackburn
o OpenMBEE MDK/@&en for the AVCE model, Benjamin Kruse
0 SysML/MDAO/MBSE Analyzer, John Dzielski
o MDAO updates, Brian Chell
o Graphical CONOPS update and demonstration, Roger J.
o Semantic Technology for SE Working Group/ NASAig&jrated Model Centric
EngineeringlMCH Ontologies and SWT, MaBackburn, Mary Bone
o Integration and Interoperability Framework (lofHpemonstration, Roger B, Roger J,
Paul)
o NAVAIR RI70/RF176 updates, Modeling for the Surrogate Pilot, Mark Blackburn
0 Requirement V&V through Monterey PhoeiliiMark Blackburn)
A Special Session: |Lly2017 held at Stevens
0 This special session invited our sponsors from ARDEC, NAVAR, and DASD(SE), but
also other organization Naval Surface Warfare Center, Digital Warfare Office, and
MITRE, and industry guastom Raytheon working on Semantic Web Technologies
and Ontologies
0 Objectives includedit N2 3A RS cabdgit A OaazRE(t ¢
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9148 KA&AG2NAOLE O2y(GSEG 2F NBan8 hohstick Ay JS
approaches and technologies supporting statehe-art in Model Centric
O9YIAYSSNAYy3IE¢ |1 S5AIAGIHE 9y IAYSSNAy3

1 Summarize expanse of research thrudéding back to initial NAVAIR air research
in 2013

T 5A40dzaa |ftAIYyYSYyld 6A0GK ALR2Yyaz2NBEQ S@2t OA
digital engineering initiative

1 Provide awareness of collaborations with other initiatives, indugioyernment,
academia& open communities

0 oPast¢ Whye ¢ Historical perspectives How we got here and why
o oOPresentq What - Aligning the research gaps and challenges for a Systems
Enginering Transformation
o oFuturec Howe - Blending and evolving our research results with Digital Engineering
(DE) Transformations across the DoD to be in a Future State by Computationally
Enabled DE
o Deep Dive a Few Research Topics
o0 Integrated Systems Enginéeg Decision Management (ISEDM) Process Enabled by
Digital Engineering Technologies, presented by Dr. Matthew Cilli
o Semantic Technologies and Ontologies Research to enable Trade Space Analytics for
Engineered Resilient Systems, presented by Dr. George Ball
0 Breakout Sessiodiscussing
1 Risk for Digital Engineering Transformation
1 Priorities for Digital Engineering Transformation
o Forward Planning and Actions
A Working session #5-August2017 held at Stevens
o0 Perspectives on July 31 Session: Systems Engindeangformation through Model
Centric Engineering
0 ARDEC challenge updates
o Presentation and demonstrations dntegration and Interoperability Framework
(lolF) overview and demonstration (UC09, UC00, UC01, UC02, UC04), and lolF model
and workflow represention
Overview of OpenMBEE plan for integration into the lolF
o Decision FrameworfJC06)xand Formalizing Assessment Flow Diagram through
MDAO(UCO03)
o Status updates of the Graphical CONOPS (UCO01) integration with MDAO (UCO03)
o Status update from UCE/ICE
0 Next seps for Phase Il

o

2.4 TENTATIVECHEDULE FOREETINGDEMONSTRATIONS ARNELIVERABLES

Tablel provides a list of theleliveries,demonstrations and discussions for ourineekly status
and other meetingsnvolving ourARDEGponsors
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Tablel. Schedule for Demonstration and Deliverables

Date Demo / Presentation / Reports Status
Sep 21 & 22, | 13*Working Session at ARDESee meeting notes. Done
2016
Nov 4, 2016 | Mission Level Modeling and Graphical CONOPY Done
(Fri) approaches)
1 Paul Grogan
1 Roger Blake
I Roger Jones
Nov 7, 2016 | Interim Report/BiMonthly Status Done
1 Expand on all tasks that are mappeddise Cases
project model
Nov 22, 2016 | Decision Framework Approach Batt Cilli / Robin Dillon | Done
Dec 2,2016 | MDOA presentation and demonstration bysteven| Done
Hoffenson
Discussion of Mission/System Simulations Roger J
Roger Blake, Paul Grogan
Dec 16, 2016 | Design of a Systems Representation Framework| Done
Counter UAS Operatiofy Kishore Pochiraju
Dec 20, 2016 | Information Model/Ontology byMark Blackburn / Mary Done
Bone / Gregg Vesonder
Jan 10, 2017 | 2"dWorking Session at ARDEEee meeting notes. Done
Jan 15, 2017 | Update Interim Report/BMonthly Status Done:
1 Expand on tasks that are mapped to use cases i This report
project model
Jan 2527, NASA/JPL Symposium and Workshop on Model B Meeting notes
2017 Systens Engineering delivered
Jan 2831, INCOSE International Workshop Meeting notes
2017 delivered
Feb 10, 2017 | Demonstrations of Graphical CONOPS Done
A Roger Jones¢ Unity gaming of competin
autonomous quadcopters
A Todd Richmond; Video of Unitygaming for Early
Synthetic Prototyping
Feb 24, 2017 | Automatic Concurrent Engineering and Knowle@gsed | Done
Product Design and Manufacturing (Kishore Pochiraju
Mar 2, 2017 | Semantic Web Technologies (Mary Bone / M| Done
Blackburn)
Mar 7,2017 Syndeia Demonstration (Manas Majaj / Jeff McDonald)| Done
Mar 9, 2017 | ARDEC sponsor Eddie Bauer participated in NAVAIH Done
170 working session #29 at NAVAIR.
Mar 10, 2017 | Update on HLA approach (Roger Blake / Paul Grogan)| Done
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Mar 15, 2017 | Update Interim Report Done:
Expand on tasks that are mapped to use cases in pr{ Prior version
model of this report

Mar 24, 2017 | Mary Bone gave a talk on ontologies as it related| Done
AAMODAT and Challenge area #5

Mar 30, 2017 | Working Session #3 &teveng; see meeting notes. Done
There were over 25 attendees, including nine (9) fr
ARDEC

Apr 7, 2017 Kishore gave a talk on Design Automation Done

Apr 18, 2017 | Two related talks on OpenMBEE model in SysMl Done
support analysis of requirements developnt/review for
AVCE iMBE (Mark Blackburn)

Apr 21, 2017 | Broader aspects of OpenMBEE (Mark Blackburn) Done

May 15, 2017 | Brmonthly status report Done

1 Expand on tasks that are mapped to use cases i
project model

May 19, 2017 | Model Centric Engineerind\rchitecture (Roger Blaké | Done
Paul Grogan)

Jun 2, 2017 Overview on Model Development Kit (MDK) DocGen \ Done
and Viewpoints that were added to AVCE requiremeg
model to illustrate the DocGen capabilities (Benjar
Kruse)

Jun 13, 2017 | WorkingSession #4 at ARDEGee meeting notes. Done

Jun 30, 2017 | Two talks on Model Centric Engineering Architecture | Done
the Prototype of the Integration and Interoperabili
Framework (IolF) and demonstration interoperability us
semantic web technologiesnd ontologies (Paul Groga
Roger Blake, Mary Bone, Chris Synder, Harsh Kevadia

Jul 14, 2017 | Decision Framework update with discussion of use Done
semantic web technologies and concept for modeling
Assessment Flow Diagram (Matt Cilli, Robin Di\trill,

Mary Bone, JohrDzielski)
Jul 15, 2017 | Updated Interim Report Done
1 Expand on tasks thare mapped to use cases in
project model

July 31, 2017 | Systems Engineering Transformation through Mg Done
Centric Engineering Past, Present, and Futyr8pecial
Session at Stevens (Mark Blackburn, Dinesh Verma

Aug 1, 2017 | Working Session #5 8tevens Done

Aug 8 2017 Final Technical Report Done:

This report
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PaRTII: TASKDETAILSUMMARY
T . ) ) .. . . . .

The materialin Part 1l provides additional detail ote latest status on theasks in the context
of the research use casemcluding information shareduring some of the working sessions
and biweekly meetingsAn extensive amount of material covered in Part Il of thelRT final
report [22] and RTL57 final report[23] still provides relevant information to this research, but
has not been integrated into this report.

Each of these sections has a teafmnresearchers which are reflected byFigure3. We are
adding the informatiorfrom the different perspectivesand will continue tointegrate the stoy
as the research results evolvisough Phase Il (August 20¢ August 2018)

3 INFORMATIOMODEL(UCO00)

MCE is enabled by computational technologies that now provide a means for using modeling
and simulation in a transformed approach to systems engingernkey problem is that most

of these technologies are not integrated (amdany maynever be) Therefore, we are
interested in an approach to using data interoperability as a means (or surrogate) for
accomplishing integration. This is challenge area WBich has now been extended to
incorporate this concept under challenge area #8d definedn more detail under UC10 (see
Sectionl3).

This information model characterizes the underlying information and relationships to
GSOSNEOUKAY3Ie GKFG YAIKEG ySSRWen usn$OWUNMEBRIRTHZOS R 0
to represent the informationOur efforts with ARDEC are alsomplemented by our efforts

with NAVAIR and the Semantic Technologies for Systems Enginieéraitye (SBSE that was

established in April 2017.

3.1 SEMANTICTECHNOLOGIES FEORSTEMENGINEERING

Briefly, the SWTs are based on a standard suite of languages, models, and tools thateare

to knowledge representatiorf-igure5 provides a perspective on the SWT stack, which includes
eXtended Markup Language (XMMLR9], Resource Description Framework (R[B0O] and
Schema (RDFS), Web Ontology Language (Q\RA])(i.e., OWL2),he SPARQProtocol And

RDF Queg LanguagdSPARQLL81], and others. RDF can describe instances of ontolagies
that is, the data for particular model instances, where OWL relates more to nosteln
describing the class of information that can be characterized as RDF inst®iZES extends
RDF and provides primitives such as Class, subClassOf, and subPropertyOf. The SWT was
created to extend the current Internet allowing combinations of metajastructure, and
various technologies enabling machines to derive meaning from information, both assisting and
reducing human intervention. This technology is generally applicablenany different
applications, and our research is beginning to refleett thom the demonstrations of the IolF,

to the Decision Framework, and communioagt the uses of SWT by NASA/Jid how such
capabilities can be integrated within a model based engineering environment, like OpenMBEE

Report No. SERCG-2017-TR110 Date: August 8 , 2017
22



Contract No. HQ0034 -13-D-0004

to provide additional reasoning on thieformation that is captured such as completeness,
consistency and wefbrmedness.

Layers of Abstraction Semantic Web Technology Stack

Applications and Interfaces

| Proof |
|

Ontology and reasoning |

layers Unifying Logic
Analytical Knowledge | Ontology:OWL
Rules: s
SPARQL RIF i)
Data layers | RDFS %
predicate c
Data Interchange:RDF “
RDF triple
XML
Representation / syntax layers
Unicode URI

Figureb. Semantic Web Technologies related to Layers of Abstraction

Figure 6 provides another perspective using an instantiation created by NASA/JPL, which
reflects a number of the pieces we are interested in using:

A Three core elements of View Editor, DocGen and Model Management System (MMS)

A MagicDraw client (in which the MDK/DocGen) plugin works
A Teamwork Cloud server from NoMagic is used with MMS
A The NASA ontologies for Systems Engineering used to check constraints (e.g.,
consistency, completeness, wéirmedness)[90] related to the model is shown in
Figure7
0 These are being opesourced
o We would like to opportaistically leverage these capabilities both with NAVAIR and
ARDEC through our efforts with ti8T4SE
0 These ontologies have grown out of a history of work, including the INCOSE
modeling patterns group
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Multidisciplinary Design, SE Modeling ema eb Te ologie
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* Project -
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V8V | Sorpiersw | [omotgir |
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I~ I: Vieypoints / l s| System Structured
System/Subsystem ghoductz .. t| Models Data
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niclogy devaiopment
ul'

,,,,,,,,,, —_——— — Libraries
| | r | [ — system (MMS)
| "orojeet || Arifacts —=== Single Source of

View Editor DocGen

*An Integrated Model Centric Engineering (IMCE) Reference Architecture fora
Model Based Engineering Environment(MBEE), NASA/JPL, Sept,2014.

Visualization Truth (SST)

Figure6. NASA/JPInstantiation of OpenMBEE (circa 2014)

The following figures have been takifgm Model-Centric Engineering, Part Boundational
Concepts for Building System Moddil]. Figure 8 shows the Integrated Model Centric
Engineering (IMCE) concept that is being developed. The process involves:

A Creating ontologies for foundational systems engineering derived from the modeling
patterns (reflected irFigure?)
o This can be done in any OWL modeling tool suchespen source Protégé
0 The ontologies are turned into SysML profiles
o The SysML profiles are loaded into a modeling tool for creating models
o0 The profiled SysML models are exported back into OWL statements
o Checks for completeness, consistency and-feethedness can performed

Report No. SERCG-2017-TR110 Date: August 8 , 2017
24



Contract No. HQ0034 -13-D-0004

Model-Based Systems Engineering

@ Partial Map of Foundation Ontology Concepts

(animated)
represents

Stakeholder

represents

pursues

Mission

produces deploys

Function

i

invokes

Legend
Think in terms of statements:

« "Requirement specifies Component” Project ontology
* "Component performs Function” Analysis ontology
« "WorkPackage supplies Component”

relationship

a kind of
==

Figure7. NASA/JPL Foundational Ontology for Systems Engineering
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Figure8. From Ontologies to SysML Profiles and Back to Analyzable OWL / RDF

Figure9 shows the various representations associated with the concept descrildedumes:

1.
2. The OWL/RDF representation of the statement in-lewel XMLfor this same statement
3.

4. The Stereotypes used in a SysML Block Definiagram (BDD)

The modeled state®@y & Ay 9y 3IftAaK AaY a/ 2YLRyYySyl

The Profile and Stereotypes used in the model (loaded into a SysML model)
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